Abstract: The objective of this study is to explore the current strategies available to monitor and detect the economically and criminally motivated adulteration of food, identifying their strengths and weaknesses and recommend new approaches and policies to strengthen future capabilities to counter adulteration in a globalized food environment. Many techniques are used to detect the presence of adulterants. However, this approach relies on the adulterant, or means of substitution, being "known" and an analytical method being available. Further techniques verify provenance claims made about a food product e.g. breed, variety etc. as well as the original geographic location of food production. These consider wholeness, or not, of a food item and so do not need to necessarily identify the actual adulterant just whether the food is complete. The conceptual framework developed in this research focuses on the process of predicting, reacting and detecting economically and criminally motivated food adulteration Highlights Discussion of economic and criminally motivated food adulteration Reviews challenges that exist in the supply chain using food supply examples Reviews techniques for determining food adulteration product wholeness Conceptual framework developed focuses on the process of predicting, reacting and detecting economically and criminally food adulteration Highlights (for review)
is very difficult to understand. I suggest revising this figure or explaining more clearly in the text. For example the box "earliest time before food and feed is adulterated…" does not make sense to me as it appears to fall before the beginning of the food chain. Response: The authors have placed the text box "earliest time befor food and feed is adulterated..." to the start of the food chain (on the right) and explained in detail the reactive and predictive systems from lines 541-564 (pg. 21-22).
Reviewer #2: I would recommend that this paper undergo another revision to reduce the history and provide more support for the theories that make up the framework. The figure demonstrating the framework was the strength of this paper and should become a greater focus. As it currently read, the history and legislation regarding food adulteration is the focus. The author's point can be made that there is a long history and much current activity in this field, and there is movement toward enhanced legislation, but there are many issues that cannot be solved with this approach. A framework to enhance investigation is required. Response: History element has been reduced -Line 72 onwards -pg. 3 Wording changed to reflect comments on framework For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923 Here you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about EES via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance from one of our customer support representatives.
Introduction

21
Food adulteration is an age-old problem especially where there is a challenge between the physical 22 availability of, and the market demand for, a food item. This is further impacted if there is 23 juxtaposition between the cost of production, say of meat or meat-based products, and the price the 24 supply chain customer (at a supplier/customer interface) or the end user is prepared to pay for the 25 product. The objective of this study is to explore the current strategies available to monitor and 26 *Manuscript (no name or institution) Click here to download Manuscript (no name or institution): Food Integrity 22.04.14 revision no title no authors.docx Click here to view linked References 2 detect the economically and criminally motivated adulteration of food, identifying their strengths 27 and weaknesses and recommend new approaches and policies to strengthen future capabilities to 28 counter adulteration in a globalized food environment. This paper begins by discussing the context 29 of economically and criminally motivated food adulteration and then reviews the evolving 30 techniques used to detect the presence of known adulterants, to identify product integrity, or 31 otherwise, of foodstuffs as well as techniques to identify original geographic location of food 32 production. A conceptual framework is developed and then its application discussed.
33
Whilst there is much focus in the literature, quite rightly, on the definitions of food safety and the 34 agents that render food unsafe there is less emphasis on the nature of product integrity or 35 wholeness. Adapting the term for "wholeness" in the Collins Dictionary (2013), the term product 36 integrity can be described as the inherent quality of containing all the component parts necessary to 37 form a total; i.e. completeness. Product integrity in this context could be further described as 38 meeting the agreed specification that has been laid down in terms of expressing the total 39 completeness of the item that is "undiminished, without removal of part" (Adapted from Sykes 40 1976). By inference, failure to meet this specification indicates, to the limits of the testing methods, 41 that a food may have been contaminated, have undergone substitution or has been adulterated. This 42 approach does not require the party undertaking the testing to identify the specific contaminant 43 rather just to identify that the specification of integrity for that commodity has not been met. As 44 analytical techniques become more accurate the depth of the specification of "what described 45 integrity" for a given food item will change and develop as discussed later in this paper. Defra 46 (2013) states that food standards legislation sets out specific requirements for the labelling, 47 composition and, in some cases, safety parameters for specific high value foodstuffs that are 48 potentially at risk of being misleadingly substituted with lower quality alternatives. This is as 49 opposed to food safety that addresses food that is injurious to health (Food Safety Act, 1990 culture and the examples given in this paper highlight they continue to be prevalent today. consumers pay five times more than they should for the product (Cohen 1997 traceability system could be split into two elements firstly the "route" of the product and the 380 sequence of steps that it passes through so it is traceable through manufacturing, distribution and 381 the retail system and the "scope" of the traceability in terms of the inherent nature of the product. Food Safety Act 1990 meant that organizations had to then prove that they were proactive in 503 ensuring the food they had been supplied was not injurious to health and was of the nature, 504 substance and quality demanded by the purchaser. The legislation differentiated between food that 505 was sold at retail stages that was "branded" or "own-label" i.e. sold under the retailers" brand.
506
Under the Food Safety Act 1990, any supplier of a branded product was responsible for the safety 507 of that product, and enforcement could be taken against a wholesaler or retailer even if the offense 508 was caused by other parties in the food chain (Lee, 2006) . Whilst major multiple food retailers in 509 the UK gained commercial advantage from increased sales of own-branded food products, it also 510 exposed them to greater risks in the event of product failure. This encouraged retailers to institute 511 stringent private assurance programmes with their suppliers (Fearne, 1998) . This so called "field to 512 fork" or "plough to plate" approach led to systems that were complex and very costly elements of 513 the procurement of own-label products (Henson and Northern, 1998) . As a means to mitigate this 514 cost the food retailers initiated the development of third-party inspection and then third-party 515 certification of their suppliers, as previously described in this paper whilst still seeking to maintain 516 an acceptable level of risk with regard to product failure in terms of their own verification activities. (Figure 1 ). At the beginning of the chain, integrity can be assured at a 541 specific point that is before any potential attacks or substitution is possible. 
